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After discovery of i1sotope effect it became
universally acceptable that the iunteractiou of electrons
with the lattice should play aun essential role in the
supercouductivity phenomena.

Several interesting constructions (1, 2, 3) analyzing
the system of electrons interacting with phonon field have
been already made. In the present article we will show
that by the mechod of path development proposed earlier for
the theory of superfluidity it is possible to give a consistant
theory of superconductive state. This partly confirms the
results of work done by (3).

For simplicity of exposition we will proceed from
the moael proposed by H. Fr8lich (1) 1in which the Coulomb
interaction obviously is ailsregarded arnd the aynamic system

x)_

is characterized by Hamiitonian

. +
="'ZSEC~> Qg Ryq + Zw(z)%% + Hint

Hl—uf: Y/Z ( )/1 QA; al(.sg fCMfJ
7'5)

I_“‘:’

where - E(k)

energy of an electran

W(q) - energy of phonon
€ - binding constaut
V - volunme

x) Here the system of units 1s such that t...
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As is now very well knowvn the usual theory of
perturbation by the degree of btinding constant is un-
acceptabli)for the electron-phoron interaction, regardless
of its smalluness, aprears to be quite esszential near
the Fermi surface. Taerefore we will tfirst of all perform
some canonic transformation proceecing from the following
considerations.

A remark should be zade tnut the natrix elements cor-
respouding to virtual prouuction 0t "particles" trom vacuum
are always accouwjanied bty erergy aenomirators. </

{eom e € (s )t W)t 4 (22)§
in which € (k) = /E(K) —EF/ presernts
the energy ot particle-electronll?g);>£; or of the hole
[ew {& Dbecoming small in Fermi sarface 3.ch denomirators
usually are not "dangerous" and the integration by impulses
Ky..... Kogq cevenns Q; Co%es uot lead to divergence except

the case where we hive to deal with virtuul jrocess of

Rroduction ot omne pair without phouons. Then, ty the law

ofm the jarticles of taiis pair w~1.l1 have

oppositely airected impulses o K ana tue energy cdenowminator

-, R
Elé(K)] becores"dangeroud' for integration. Ineir spirs
will also be oriented oppositely.
Therefore by choosing a canoulc trausformation one must

be aware of the necessity to insure mutual compensation of

graphs leading to virtual production from vacuum of a pair

~of particled with opposite impulees aud spin orientations.

Now we will point out the analogy of situation we had
in our theory of superfluidity when the nounideal Bose gas

was 2xamined. The same role then played the virtual pro-

duction from the condensate of a pair of particles with
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+K impulse. Then we used tb;“linenr transformation of

~ Bose-amplitude, which ‘was "v_um'mg' bq with b:q.

Generalizing this transformation, let us iptruduce into

presently examined case nLew Fermi am;-licudesv(.
+
dko = Ux Ak, - Ye Q2% -4
& iy

Ay, t

Uk Ay~ + Y at, 4
Uk ko + W oL/

)

or

{1}

where Uy , Vg 'Lv"real numbers related
by Uzk + Vﬁ =

It is easy to check, that such a transtormation presérves
all the Commutation pro; erties of Fermi oj erators and there-
fore is canonic. We mway say =ic . that 1t jresents a
gencralization of usual {ranstormation. 1t helps to
jntroduce new ojeratuors of jrod uctionL and cm/gll%ilb’lon of
holes inside and ¢t electrong ontsic- tue Ferwi sucrface.

and really, sSupjose tuat

Ug =/ W =©0 fOY- %)?E.F
Vg =/ for EX)L Ee
will result

dk. = QK%% J a(k,/ = a_{, -il ) E(k) >E,c

0(K° x "a-:()-i / Frr = a‘*g,f , Elk) < FF

S0 tndt, for evam;le &ko cuts.ce the Ferml region ( sphrere)

Iirla&ur . _

will be ax.be JALIOL oer.tor b0 o fieltloL N1IUL K

. , o, 4 :
impulse anc ¥ Spih, #nel lnside U@ ~.';A:;m;cllatlo:

Approved For Release 2008/12/04 : CIA-RDP80T00246A002900600002-2

.



...

y

T s

-

-

Approved For Release 2008/12/04 : CIA-RDP§0T00246A002900600002-2

operator for a hole with -K impulse and -¥ spin. But in

general case when (Un p Vx) ,l(o, )we are dealing with super-
position of hole and electran.

Returning to the examirnation ot Frolich's Hamiltonian,
we notice that technically it will be more cornveriert for us
Dot to %+ ourselves witn the relation:

2 %G Qs = M
where Ib\y total number ot electrous Xarc tnerefore we snall

1A : . X
va use an example which is tyrical for sucn a situation) i.e. we

e 13" et will introduce parameter)\ having the role ot chemical
A0 .

AP potential,

Ther instead of Hp we shail cdeal witn Lamiltonian

Ho- B - AR (2)
Ne shall defiue the jaraceter - 1later o 4 daner that willyave

us in this councition

B A (3)

after transtormirg 4 t. Lew sermi - AL 1.1 .LES e Lot
= 71 fic o+ Hint
N‘u: - Hl + {L) + 17

where U & is a cor stant -

U = QSEWY -2 A XV

and:

+
/"’, = Z ¢ %S!) Uk Ve d 5(':" + UJ Yx' °(~;'a °<:(/

&)

+ Uk' VKAKI'(K'U + ul(" V\l’ C’(-K,I c\/_Ko}g; t Cdy(o,l
4
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¢ ta. '“'ZK ,‘)g Vil {Ux U ok dato + Uic Ui’ 0 ¥y
Bl - Wk W ol 1 oy —\&V.g:o(‘, ol }6" * Comp.
k'o X «o % Vo
B e 2[EK)-AT 0 % (s oy + Xics olica )
Mo e 3 [E =X [ U -V [dhe s+ olic,] * S (3) 6 &y
Let us intruduce ocupation numbers
‘V,‘. =az:o o(ko VKI =0(;l D(k/
new quasi-jparticies, produced bty o(+ oj erutors. Ihen, "vacuun
without interactions" i.e. ﬁhe condi.:ion Cy in which:

will obviously be the gom’ition Bivemeotii dor |
. ~ Cv =77 §(We)d (Wur)
’ with zero value T‘or numcers V.
| Also note tnat A should te close t. Ey , because X = kg

when interaction is absent, ard that conse,uently the ex-

pression G(K) =[EW “A] LW - V‘}]

should become zero at the surface reur 'ne¢ lermi sufrace.

Now we can see that the virtual jrocu:i:.L jrocess trom
vacuur of one pair cf quasi-particle ¥ ., V, ., without

4 pbonons will be "largerous" irn tne “ounili ol ; reviously
given criteria for the correspordiny =rem v Gerowinator

will be:

/

———‘-'—_’_—_

2 € (k)
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To such a process directly leads the H.rmiitouiurn ZiB which
enclosing with vacuun gives grajh *7 of Fig. +. The same
process results also because of Jjoint action ‘11, H.d. For
example in the second order of bindin. corstaut g we have

graphs shown in Fig. 2a.

. <+
- K
. "“:‘_7
_ | ‘s
Fig. 1 Fig. 2a Fig. 2b

In higher orders graphs result of the tyje of Fig. 2b,
where the circle designates bound part which cannot be di-
vided 'into two bound parts connected only by two lines of one i
examined pair.

. Using the previously deduced principle of compensation of i
daugerous graephs, we should set the sum of contributions from !
graphs of Fig. 1 and Fig. 2 equal to zero.

Hence we obtain an equatiou for determiniryg, Uk" v ..
Mow we should not pay any attention to the vrarhs of Mg. 1
and Z(Ind their cbnju!ates) and therefore in developments of
perturbation theory expressions with dangerous energy

denominator will not ajpear.” Now we shall develop am

x) Here we have used type ot grajhs examined in

Hugenholtz's work
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equation for ""k’ Ve of secore order In *nis
approximation we huve to conjensate tne .. of Fig., 1
by graprhs of Fig, <b. V¢ wNill sret:

A[E®) ~AT WV vJKk =0

whore.ﬂ& is the coefticient of p(:‘ °(kl Cy 1n the ex; ressiorn

-I
~#rL b H Cv
Rationalizing we find firally:

[Foo -3 ek ~06-W) & T § sremyalnilrey oW
where

E(k) = E(X) ‘i‘?§ ?1 “*"3@;250 (Y} (.u;; —Vk})

Remainirg within accej table approxization let us

substitute in the aenomirator of right hana ; art’

€ ) = {E)- A} (ud-wd)
Y Ew - {E0) -1} (ur-ud)

Then, assuming

Em A< §(0)

let us write the resulting equation in the form

£ () Vv =UcV)zmp I st
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This q@uation obviously posaeses/n property of travial
solution ‘

UVeo , (Y V)~ Co, 1)
corru,ponding té *normal state®™. It does, nevertheless,
give a solution of other type which becomes trivial when
moving away froa Fermi surface.

" Designating

Ck) = é@f?*@%>;®ww‘?

we £isd from (6)
o ifigip] Ctloa
from where |

u.vK-LEﬁ? fﬁ

Therefore our equation lesds to the next from:

co gfiaittem it
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A rezark sheuls Le e thet Uhoo oo :tlon nan 1S
particular jpeculiaraty vher tus o oolulion ol
approaches zero for
exp {..!!.} , A =Comst. >0
because the iA{:Lral of rivht bund side cf (&) becomes
logaritmically divergent Leur the surface E(g) = O

if agssumed C = O. 1n such a situation 1t is nov ad fficult

to obtain asymp otic forx -f so’ution for smill g 's:

CloBeE tr%

wn Pt () > O

where

wo o) #1800

Taking into account additional condition (2) aud

i
i
i
i
i

obtained (7), (9) for U, V it can be said, that

Ko = K¢

Purhter, it is clear, that corrections for expression

(5) stemming from substitutiou of appearing in it

ka, Yy for their "normal"” sigpicance:
I, IN>Ke
Ux L 3 eg»*) ).
< o , M K¢
o 11 >4
> &) !
% * |, WLk

(11)
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e

lst Fﬁa now proceed with calculatiom of ground state ougngyf
| in second ‘appr-mthtﬂoa. - Or all %bl %\we mst now accoum
oaly far .1‘ We will get, ews(éulmﬁl}, for proper value of
luuroundsum - ‘ | :

V-<G K J IH

;_-m{zoo -’5?

e Y,
N+ +

-
rot
1
|
!
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Substitutixi, the derivec values t .0 LK. Vk‘ ler us

calculate the aifterernce AE tez: e ".e ener,les of

* ground state aund normaul state

We get:

E__ o>
G G er3

(14)

It is interesting to observe that this result coinciaes
with Bardeen's results (%). 1t is only recessary to

choose Eardeen's parameters @0, V in a mamner:
~ > _
Wesw , V=g (15)

Iet us canstruct now within acce;table approMimations
formula for ernergy of elementary excitution. ase use

. sé¢q ée
for this excitation &we :

Ce e o(:o (o

and subject it in usual manne?’t’he theory otf perturbat on.
We will get far the ene?y 0of elemeuntary excitation with

impulse K next expression
E () = €)= G it (o —€00))  Hmt G ¥y

ratjonalizing we get

Ee0) = €(’0{\“f§ ) [w:s4t')++€¥'ﬂ‘§§)

> oK) Cwd ) + ]
- 4\;20\\@[%,“ &« - Uee

(16)

Approved For Release 2008/12/04 : CIA-RDP80T00246A002900600002-2



Approved For Release 2008/12/04 : CIA-RDP80T00246A002900600002-2

are sejarited from t

(17) |

¥8310n5 Ot tihe cyﬁd,

inte :ery, for :
Tpreted there as everyy used for the cestruction of ™ air®

let us exammg now yround state with net current flow i.¢

.

the camcition of smalle:t erergy anopy sll possible conditiorg
with a given imjulse ¥ o |

We need ca.sejuertly to f:md pr@er value ot H by
‘addit ional condition .
v —
EE’EF‘:I"ZKs = P
Instead of this, usirg the usual proceuur~, we introduce
ingtead of scalar paremeter A. another ve:tlr |uraneter TT'
- * ,
Plang the role of avera e velocity ani lake the whole

Hamiltonian in form:
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Ve W -xga:;%* é(ﬂ.?) a5y By
lg{m)—a.lexj Getat L) b, & * He

(18)
¢.r : :
0 u defined from cemditioa

Z K‘toqh ﬂ’

In so far s9 our diocuuiu is concerned, we have to .
deal with only a small area of Fermi surface; hence,

we can assuxe here for simplicity

Ex) =& +» , Pn& -

" apd then in final farmulse to let

‘ m -(’-‘i;*)x«p
. t !

But then

E(x) - CUK) E K "‘z)’ U;

.nnd therefore, if in the region of K impulses we '
perfors a translation

,Z-,z+dm,%'-> QigmB

(19)

and subdbst it ute
A —» A+ mut
' 2
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ﬂault mm .(1’5) izli be i1r torz of (& 8LG tkw w&:.tor.,

tromom;. Ne are getting to the Cis® ot { I'uwll Stute wi’m
803190 Ml#a. Jurtnermore for the stuay 0of yr .0 Stute with nec
. ewETent ﬂé' we need conguct RO rew 1inves?t 1gat 1o, but 1t will
"bt Qt‘!iﬁim M ﬁﬂvzously obtalx ed tormulae to a0 reverse
conversian of (19). -
hm w sre emvm, for example, that tbe ene}gy of

‘#low with average velocity U

| grmd state oith nrt |

differs from the euergy of gammd.s.ste withou net current flow

vy mount ”%!‘ ! umsm_j;,:,_

of ground state lith net cuwrent ﬂw by a gap

4v= A -k V >d‘h/?gl
Conaquontl.y,

gre geparated frau energy

Ky /U 7! L&
the ground state with net cuxgﬁt bfllél)cven though it posses
energy greater than the ground state witnout net current flow
('e do not account yet{%ho nt&m of nngnetm field) nevertheless
it appears stablo in relatiom %o excitatious.

Therefore we sre cauvinced that in the moael beeiLg
exsmined there is a property of supcr;:mductivity.

Few more remarks. In our sethod of investigation we sbould
have sssumed puucurﬂ to be small in order to be able to
limit wnlvo. to asymptotic approximations.

As was shown by V. V. Tolmachev and 3. V. Tiablikotf (5)
through & method not using the assumption & /P being small; when

f)i the veleodty of sound becomes imaginary i.e.
lattice becomes unstable. In cases, when the lattice is 80
rigig tet electram-phomon interaction does not show any
appreciable effects ou the phonon energy, the ; arameter must be

smll, Even when ﬂ%the quantity e-”’ is egqual to 1/55.
This, 1\,our opinion, exjlains the anallness vf the nagnitude o
nergy gap and therefore also of criticil tem; @ ‘taire-
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‘and treat it aiso by means ©:
“got then actually the aame?ﬁ.Q
. but 4t would be necessary to change ir them g

— T ——
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Furthermore, when tne frohlicn's hamilvauian is
surplemerted ir obvious canrer ty a terw oi Coulomb
interaction then it bec-nes necesssry sumiirn, up of electron-

Gel(man
bhole grarhs of the Helman-Bruckmer tyire in oruer to
secure the appearance of $hielcing. A
For preliminary estimate we could introduce Cou&pmb

intersction into Hamiltonisn famediately in shielded form

‘l““‘kpmuz‘batibn theory. We woula
Milae we ottained previously;
e for

3."1'£'V¢ (ke VIU-0)) d ¢

‘where v‘(n - Pouspr -~ form of shielcirg fumction.

Hence, we can be 1nmedii£$iy convinced that Coulomb

" interaction counteracts the ajpeararce of supercopductivity .

- Im conclusion 1 feel it is my pleasant duty to okpreas

my gratitude to: I. M. Subarev, V. V. Tolmachev,
'S. V. Tieblikoff, U. A. Ceplovaikoff for vedusble =
eriticiss and suggestions. N o
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